the unlikely cases where the upper layer is thinner than 0.091 mm; this implies a resistance to delamination. Note, however, that generally thermomechanical stress in ICs arises from a temperature reduction from the curing temperature of an epoxy ͑usually 150°C or 175°C) to room temperature, or to a test extreme such as Ϫ65°C. Thus the case study example is in reality prone to peeling under normal usage.
Introduction
Consider an axially symmetric cylinder with the centers of mass ͑X͒ and volume ͑B͒ on the main axis ͑Fig. 1͒. Let (L,d,) represent the cylinder's length, diameter, and the distance between the two points ͑X,B͒. The positive -values refer to nose-down case, i.e., the center of mass ͑COM͒ is lower than the center of volume ͑COV͒. Three coordinate systems are used to model the hydrodynamics of falling cylinder through the water column: earth-fixed coordinate ͑E-coordinate͒, cylinder's main-axis following coordinate ͑M-coordinate͒, and hydrodynamic force following coordinate ͑F-coordinate͒. All the systems are threedimensional, orthogonal, and right-handed.
Triple Coordinate Systems
2.1 E-Coordinate. The E-coordinate is represented by F E ͑O,i,j,k) with the origin ''O,'' and three axes: x, y-axes ͑hori-zontal͒ with the unit vectors ͑i,j͒ and z-axis ͑vertical͒ with the unit vector k ͑upward positive͒. The position of the cylinder is represented by the position of the COM,
which is translation of the cylinder. The translation velocity is given by dX dt ϭV, Vϭ͑u,v,w ͒.
2.2 M-Coordinate. Let orientation of the cylinder's mainaxis ͑pointing downward͒ is given by i M . The angle between i M and k is denoted by 2 ϩ/2. Projection of the vector i M onto the (x,y) plane creates angle ( 3 ) between the projection and the x-axis ͑Fig. 2͒. The M-coordinate is represented by F M (X,i M ,j M ,k M ) with the origin ''X,'' unit vectors (i M ,j M ,k M ), and coordinates (x M ,y M ,z M ). In the plane consisting of vectors i M and k ͑passing through the point M, called the IMK plane͒, two new unit vectors (j M ,k M ) are defined with j M perpendicular to the IMK plane, and k M perpendicular to i M in the IMK plane. The unit vectors of the M-coordinate system are given by ͑Fig. 2͒
The M-coordinate system is solely determined by orientation of the cylinder's main-axis i M . Let the vector P be represented by E P in the E-coordinate and by M P in the M-coordinate, and let M E R be the rotation matrix from the M-coordinate to the E-coordinate, 
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Transformation of M P into E P contains rotation and translation,
Let the cylinder rotate around (i M ,j M ,k M ) with angles ( 1 , 2 , 3 ) ͑Fig. 2͒. The angular velocity of cylinder is calculated by
and
If ( 1 , 2 , 3 ) are given, time integration of ͑7͒ with the time interval ⌬t leads to
The increments (⌬ 2 ,⌬ 3 ) are determined by the relationship between the two rotation matrices M E R( 2 ϩ⌬ 2 , 3 ϩ⌬ 3 ) and
2.3 F-Coordinate. The F-coordinate is represented by F F (X,i F ,j F ,k F ) with the origin X, unit vectors (i F ,j F ,k F ), and coordinates (x F ,y F ,z F ). Let V w be the fluid velocity. The waterto-cylinder velocity is represented by V r ϭV w ϪV, that is decomposed into two parts,
where V 1 is the component paralleling to the cylinder's main-axis ͑i.e., along i M ), and V 2 is the component perpendicular to the cylinder's main-axial direction. The unit vectors for the F-coordinate are defined by ͑column vectors͒ The F-coordinate system is solely determined by orientation of the cylinder's main-axis (i M ) and the water-to-cylinder velocity. Note that the M and F-coordinate systems have one common unit vector i M ͑orientation of the cylinder͒.
Let F E R be the rotation matrix from the F-coordinate to the E-coordinate,
which leads to (14) Here, MF is the angle between the two unit vectors (j M ,j F ). Let the vector P be represented by F P in the F-coordinate. Transformation of F P into E P contains rotation and translation,
Use of the F-coordinate system simplifies the calculations for the lift and drag forces and torques acting on the cylinder. Since the M and F-coordinates share a common axis i M ϭi F , the rotation matrix from the F to M-coordinate systems is given by
0 e 32 e 33
is two-dimensional with the rotation matrix given by 
ͬ. (17)
Let the cylinder rotate around (i F ,j F ,k F ) with the angular velocity components represented by ( 1 Ј , 2 Ј , 3 Ј) ͑Fig. 2͒. They are connected to the angular velocity components in the M-coordinate system by
3 Prediction of Hydrodynamic Characteristics of Falling Cylinder 3.1 Translation Velocity. The translation velocity of the cylinder ͑V͒ is governed by the momentum equation in the E-coordinate system, (19) where g is the gravitational acceleration; is the average cylinder density; w is the water density; ⌸ is the cylinder volume; and ⌸ϭm, is the cylinder mass; (F x ,F y ,F z ) are the hydrodynamic force ͑including drag and lift forces͒ components. The drag and lift forces are calculated using the drag and lift laws with the given water-to-cylinder velocity (V r ) that is calculated using the F-coordinate.
Cylinder's Orientation.
It is convenient to write the moment of momentum equation
in the M-coordinate system with the cylinder's angular velocity components ( 1 , 2 , 3 ) defined by ͑7͒. Here, M b and M h are the body and surface force torques. The moment of gyration tensor for the axially symmetric cylinder is a diagonal matrix
where J 1 , J 2 , and J 3 are the moments of inertia. The gravity force, passing the COM, doesn't induce the moment. The buoyancy force induces the moment in the j M direction if the COM doesn't coincide with the COV ͑i.e., 0͒,
The moment of the hydrodynamic force in i F direction is not caused by the drag and lift forces, but by the viscous fluid. The moment of the viscous force is calculated by ͑White ͓1͔͒
When the cylinder rotates around j F with the angular velocity 2 Ј , the drag force exerts the torque on the cylinder in the j F direction (M d2 ) and in the k F direction (M d3 ). The lift force exerts the torque on the cylinder in the 
where
•͑C m2 e 2 e 2 T ϩC m3 e 3 e 3 T ϪC ml e 2 e 3 T ͒, 
2 L, and f r is the added mass factor for the moment of drag and lift forces. Equation ͑25͒ has the analytical solution
which represents damping rotation of the cylinder around the main axis (i M ). The Euler-typed forward difference is used to solve the five Eqs. ͑19͒, ͑26͒, and ͑28͒.
Model Evaluation
The Cylinder Drop Experiment ͑CYDEX͒ was conducted at the Naval Postgraduate School ͑NPS͒ in July 2001 ͑Chu et al. ͓2͔͒ to evaluate the three-dimensional theoretical model. It consisted of dropping cylinders whose physical conditions are illustrated in Table 1 into the water and recording the position as a function of time using two digital cameras at ͑30 Hz͒ as the cylinders fell 2.4 meters to the pool bottom. After analyzing the CODEX experimental data, seven general trajectory patterns ͑Table 2͒ are identified: straight, slant, spiral, flip, flat, see-saw, and combination ͑Fig. 3͒. Dependence of the trajectory patterns on the cylinders' physical parameters and release conditions are illustrated in Table  3 . The theoretical model predicts the motion of cylinder inside The predicted cylinder's translation and orientation are compared with the data collected during CYDEX at time steps ͑Fig. 5͒. The simulated and observed tracks show flip-spiral pattern. The flip occurs at 0.11 s ͑0.13 s͒ after cylinder entering the water in the experiment ͑model͒. After the flip, the cylinder spirals down to the bottom.
Conclusions
͑1͒ Triple coordinate systems are suggested to predict the translation and orientation of falling rigid cylinder through water column: earth-fixed coordinate ͑E-coordinate͒, cylinder's mainaxis following coordinate ͑M-coordinate͒, and hydrodynamic force following coordinate ͑F-coordinate͒. It simplifies the computation with the body and buoyancy forces and their moments in the E-coordinate system, the hydrodynamic forces ͑such as the drag and lift forces͒ and their moments in the F-coordinate, and the cylinder's moments of gyration in the M-coordinate.
͑2͒ Usually, the momentum ͑moment of momentum͒ equation for predicting the cylinder's translation velocity ͑orientation͒ is represented in the E-coordinate ͑M-coordinate͒ system. Transformations among the three coordinate systems are used to convert the forcing terms into E-coordinate ͑M-coordinate͒ for the mo- ͑3͒ Model-experiment comparison shows that the model well predicts the cylinder's translation and orientation. However, the performance of the numerical model for ϭ0 is not as good as for 0.
Introduction
If we pull both ends of a thin plastic sheet used for food packaging, a set of wrinkles, parallel to the loading direction, appears. Cerda and Mahadevan ͓1͔ and Cerda et al. ͓2͔ showed that the wavelength of the wrinkles is proportional to the square root of the sample size, and the tension can be determined according to the wavelength of the wrinkles. Fabric, such as cloth, is usually composed of two families of inextensible elastic fibers. The Poisson effect in the fabric may be different from that in the plastic sheet. For example, if the two families of fibers are loosely connected, then the Poisson effect may be neglected, while this cannot be true for the plastic sheet. Therefore, the modeling of an inextensible network may be different from that of a plastic sheet. In this note, we demonstrate that the applied compressive force on the fabric can be determined according to the maximum absolute values of deflection and angle of deflection in its wrinkles.
The effects of bending stiffness of a fiber network or an elastic surface have been well studied in the literature. Simmonds ͓3͔ considered elastic surfaces with resistance to strain and flexure, and Wang and Pipkin ͓4,5͔ studied inextensible nets with bending stiffness. Hilgers and Pipkin developed a theory of elastic sheets in a series of papers, ͓6-9͔, by introducing the second derivatives of the deformation as well as the first derivatives into the strainenergy density. Hilgers ͓10͔ also examined dynamic effects. Luo and Steigmann ͓11͔ established a model, a generalized plate/shell theory, to take into account the effects of bending and twisting in the inextensible networks for finite deformations in 3-space, and verified the soundness of a special form of finite-deformation plate theory developed by Wang and Pipkin in ͓4͔. Wang and Pipkin ͓4͔ used their theory to consider the Euler buckling problem of a flat inextensible network, and indicated that the governing equation of the flat sheet during the buckling is identical to that for finite-amplitude oscillation of a simple pendulum. In this work, we further explore the buckling problem to determine the applied load on the inextensible network according to geometry of its wrinkles.
An Analytical Relationship
Consider a flat sheet that initially occupies the region 0Ͻx ϽL, 0ϽyϽH in the x-y plane. The sheet is composed of two families of inextensible fibers, which initially lie parallel to the x and y-axes; thus every line xϭconstant or yϭconstant in the region is regarded as a fiber. The two families of fibers are orthogonal in the reference configuration. They are assumed to be continuously distributed and fastened together at their points of intersection to prevent slipping of one fiber family relative to the other. The sheet is treated as a continuum. Each fiber meets the Bernoulli-Euler hypotheses: cross sections of each fiber remain plane, suffer no strain, and are normal to the fiber in every configuration. A uniform force T per unit length is applied to the edge xϭL as a dead load along the negative direction of x-axis ͑see Fig. 1͒ , and edges yϭ0 and yϭH are free from applied tractions and couples and displacement restrictions. The possible boundary conditions of physical meaning on the sides xϭ0 and xϭL can be classified into four categories: ͑i͒ both sides xϭ0 and xϭL are simply supported; ͑ii͒ the side xϭ0 is clamped and the side x ϭL is free; ͑iii͒ both sides xϭ0 and xϭL are clamped; and ͑iv͒ the side xϭ0 is clamped and the side xϭL is simply supported. For any set of those boundary conditions, a solution is that the family of fibers with xϭconstant remain straight lines, the family of fibers with yϭconstant have identical deflections in the x-z plane and have no deflections in the other planes, and the two families of fibers are still orthogonal in the deformed configuration ͑see Fig. 2͒ . Let (x) denote the angle between the tangent to the deflection curve and the x-y plane. Then it satisfies the equation, ͓4͔, Transactions of the ASME
